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~ The MAILING DA TE of this communication appears on the cover sheet with the correspondence address 
Period for Reply 



A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1 704(b). 

Status 

1 )£3 Responsive to communication(s) filed on 22 September 2005 . 
2a)D This action is FINAL. 2b)K This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) KI Claim(s) 1-12 is/are pending in the application. 

4a) Of the above claim(s) 7-12 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) ^ Claim(s) 1^6 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) [X] The specification is objected to by the Examiner. 

10)[3 The drawing(s) filed on 07 October 2003 is/are: a)D accepted or b)Kl objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1 .121(d). 
1 1 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-1 52. 

Priority under 35 U.S.C. § 119 

12)D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)D All b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 



Attachment(s) 

1 ) ^ Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-41 3) 

2) □ Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. . 

3) □ Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) □ Notice of Informal Patent Application (PTO-1 52) 

Paper No(s)/Mail Date . 6) □ Other: . 
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DETAILED ACTION 

Election/Restrictions 

1 . Applicant's election with traverse of Group I, claims 1-6 in the reply filed on 
9/22/05 is acknowledged. The traversal is on the ground(s) that the subject matter of 
the groups of claims would be part of an overlapping search and therefore not a serious 
burden on the Examiner. This is not found persuasive for the reasons set forth in the 
restriction requirement mailed 5/25/05. 

The requirement is still deemed proper and is therefore made FINAL. 
Information Disclosure Statement 

2. The listing of references in the specification is not a proper information disclosure 
statement. 37 CFR 1 .98(b) requires a list of all patents, publications, or other 
information submitted for consideration by the Office, and MPEP § 609.04(a) states, 
"the list may not be incorporated into the specification but must be submitted in a 
separate paper." Therefore, unless the references have been cited by the examiner on 
form PTO-892, they have not been considered. 

Drawings 

3. The drawings are objected to as failing to comply with 37 CFR 1 .84(p)(5) 
because they do not include the following reference sign(s) mentioned in the 
description: 33. Corrected drawing sheets in compliance with 37 CFR 1 .121(d) are 
required in reply to the Office action to avoid abandonment of the application. Any 
amended replacement drawing sheet should include all of the figures appearing on the 
immediate prior version of the sheet, even if only one figure is being amended. Each 
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drawing sheet submitted after the filing date of an application must be labeled in the top 
margin as either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1 .121(d). If 
the changes are not accepted by the examiner, the applicant will be notified and 
informed of any required corrective action in the next Office action. The objection to the 
drawings will not be held in abeyance. 

Specification 

4. The disclosure is objected to because of the following informalities: On page 4, 
line 29, "be" is objected to because it is grammatically incorrect in the used context, 
therefore it is suggested to delete "be"; On page 6, line 5, "pip" is objected to because it 
is the incorrect word used, therefore it is suggested to change "pip" to - -pipe- -, line 31, 
"cramping" is objected to because it is the incorrect word used, therefore it is suggested 
to change "cramping" to - -clamping- -; On page 8, Iine11, it is suggested to insert - -a- - 
after "to" in order to grammatically the associated phrase, line 27, "of is objected to 
because it is grammatically in correct in the used context, therefore it is suggested to 
change "of to - -for- -; On page 10, line 28, "a" is objected to because it is 
grammatically incorrect in the used context, therefore it is suggested to delete "a"; On 
page 12, line 27, "has are" is objected to because it is grammatically incorrect in the 
used context, therefore it is suggested to change "has are" to - -is- -; On page 15, line 4, 
"lack" is objected to because it is the incorrect word used, therefore it is suggested to 
change "lack" to - -rack- -. Appropriate correction is required. 
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Claim Objections 

5. Claims 4-6 are objected to because of the following informalities: In claim 4, line 
3, "performing" is objected to because it is the incorrect word used, therefore it is 
suggested to change "performing" to - -pre-forming- -, line 7, "pip" is objected to 
because it is the incorrect word used, therefore it is suggested to change "pip" to - -pipe- 
-, line 1 1, "it" is objected to because it is the incorrect word used, therefore it is 
suggested to change "it" to - -its- -; In claim 5, line 7, "bare" is objected to because it is 
the incorrect word used, therefore it is suggested to change "bare" to 

- -bar- -; In claim 6, line 3, "cramping" is objected to because it is the incorrect word 
used, therefore it is suggested to change "cramping" to - -clamping- -. Appropriate 
correction is required. 

Claim Rejections - 35 USC §112 

6. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

7. Claims 2 and 4-6 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

8. Claim 2 recites the limitation "said adjustment step" in lines 1-2 of the claim. 
There is insufficient antecedent basis for this limitation in the claim. 

9. Claim 4 recites the limitation "the hollow cavity" in line 12 of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 
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10. Claim 4 recites the limitation "the inner diameter cavity" in lines 17-18. There is 
insufficient antecedent basis for this limitation in the claim. 

11. Claim 5 recites the limitation "toothed portion" in line 5 of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

12. Claim 6 recites the limitation "the rack" in lines 4-5 of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

13. Claim 6 recites the limitation "the toothed portions" in line 9 of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 102 

14. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. ; 

15. Claims 1-6 are rejected under 35 U.S.C. 102(b) as being clearly anticipated by 
Oka et al. (US 2001/0006000 A1 ). * 

Oka discloses for forging a hollow rack bar from a metal blank pipe (3), 
comprising (a) subjecting the blank pipe to a plastic deformation process (paragraph 
[001 5]) for an adjustment of a cross-sectional shape of the metal blank pipe; (b) 
holding the adjusted metal blank pipe by a die having toothed portions so that 
the toothed portions are contacted with the blank pipe at its outer surface (paragraph 
[0016]), and (c) inserting, under a pressure, a mandrel (12) into the blank pipe (3) held 
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by the die (5, 6, 1 1 ) for causing the metal to be flown toward toothed portions, thereby 
forming on the outer surface of the blank pipe toothed portions having shapes 
corresponding to those of the toothed portions of the die. The adjusting step adjusts the 
cross-sectional shape of the blank pipe to a predetermined shape (i.e. a flat surface on 
the pipe 12, fig. 1 ). The step subjecting the blank pipe (3) to a plastic deformation 
process for an adjustment of a desired cross-sectional shape of the metal blank pipe 
comprises subjecting the blank pipe to swaging process (paragraph [0015]) for reducing 
the diameter of the blank pipe, and subjecting the swaged pipe to an ironing process 
(paragraph [0015], lines 14-24) for producing a desired cross-sectional shape of the 
blank pipe. See paragraphs [0014] - [0019], and figures 1-5 and 7 for further clarification. 

Oka discloses for forging a hollow rack bar from a metal blank pipe (3), 
comprising a pre-forming step (paragraph [0015]) and a main forming step (paragraph 
[0016]) after the execution of the pre-forming step, the pre-forming comprises the steps 
of: (a) subjecting the blank pipe to swaging process for reducing the diameter of the 
blank pipe; (b) clamping the swaged blank pipe by a clamping die (5, 6) of a desired 
shape at the outer periphery thereof, while locating a working core (10) inside the blank 
pipe, and; (c) withdrawing the working core (10) so that the blank pipe is swaged at its 
inner diameter side, thereby generating a desired shape of the hollow cavity of the 
blank pipe (3) extending in an axial and radial directions; the main forming 
comprises the steps of: (d) holding the pre-formed blank pipe from its outer 
side by a rack forming die (5, 6,11) having toothed portions; and (e) inserting, under a 
pressure, a mandrel (12) to the inner diameter cavity of the blank pipe, thereby 
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forming on the outer surface of the blank pipe, toothed portions having shapes 
corresponding to those of the rack forming die (5, 6, 1 1 ). See paragraphs [0014]- [001 9], and 
figures 1-5 and 7 for further clarification. 

Oka discloses for forging a hollow rack bar from a metal blank pipe (3), wherein 
the blank pipe (3) is, from its outer side, held by a rack forming die (5, 6, 1 1 ), and a 
mandrel (12) is inserted to the blank pipe (3) under a pressure, thereby forming a 
hollow rack bar having shape corresponding to toothed portion of the rack 
forming die, the improvement wherein prior to the forging of the hollow rack 
bar, the blank pipe is subjected to a plastic deformation process (paragraph [0015]) for 
obtaining an adjustment of the cross-sectional shape of the blank pipe. See paragraphs 
[0014] - [0019], and figures 1-5 and 7 for further clarification. 

Oka discloses forging a hollow rack bar from a blank metal pipe (3), comprising 

the steps of: (a) holding the blank pipe by means of a clamping die (5, 6,11) having, at 

its inner periphery, toothed portion for forming the rack, and (b) inserting, 

at a pressure, a mandrel (12) into the blank pipe (3), while, during the insertion, the 

mandrel causes the metal to be subjected to simultaneous expanding functions at 

different locations of the toothed portions along the longitudinal direction, 

thereby forging the blank pipe to a hollow rack bar. See paragraphs [0014] -[0019], and 

figures 1-5 and 7 for further clarification. 

Conclusion 

16. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. The references cited on the attached PTO-892 are cited to show 
the formation of hollow rack bars. 
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1 7. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jermie Cozart whose telephone number is 571-272- 
4528. The examiner can normally be reached on Monday-Thursday, 7:30 am - 6:00 
pm. 

1 8. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, George Nguyen can be reached on 571-272-4491 . The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

1 9. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 



Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 




Jermie Cozart 
Examiner 
Art Unit 3726 
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ABSTRACT: 

PURPOSE: To manufacture a convex rack easily by heating near the central 
part of a rack material at a temperature lower than those at the both ends, and 
executing a forging process in the condition to give a temperature incline in 
the axial direction of the rack material. 

CONSTITUTION: VVhen a convex rack with a size larger as being closer to the 
center is manufactured, an upper pattern 4 to form teeth 2 to a rack material 1 
and a lower pattern 5 to form a rack guide 3 to the rack material 1 are 
prepared as metal molds. And the rack material 1 heated at the center at a 
temperature lower than those at the both ends is the heating process is placed 
between the upper and lower patterns 4 and 5, and a striking force is applied 
to forge to manufacture a desired rack. Since the deformation resistance at 
the center of the rack material 1 is larger than those near the both ends in 
this case, the elastic deformation of the upper and lower patterns 4 and 5 is 
produced larger at the center than at the both ends, and the teeth 2 of the 
rack are also larger at the center than at the both ends. Consequently, the 
rack guide 3 is also made larger as being closer to the center. 
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PAT-NO: JP358081535A 



DOCUMENT-IDENTIFIER: JP 58081535 A 

TITLE: MANUFACTURE OF RACK FOR RACK AND PINION STEERING DEVICE 

PUBN-DATE: May 16, 1983 
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SATO, SHINTARO 
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INT-CL (IPC): B21K001/06 
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ABSTRACT: 

PURPOSE: To obtain a tooth form excellent in surface roughness and strength 
by preforming a tooth form lower in height and wider in width than final tooth 
form and then obtaining required final tooth form by finishing work and thereby 
reducing amount of cutting. 

CONSTITUTION: A tooth form part 13 is formed flat in specified position of a 
rack material 1 1 made of a solid round bar, and a tooth form 12 is preformed in 
the tooth form part 13. The tooth form 12 has a profile lower in height and 
wider in width than the final tooth form 16. The volume of the tooth form 12 
is made substantially equal to that of the final tooth form 16 to obtain 
required final tooth form by succeeding finishing work, for instance press 
work. Then, the tooth form 12 of the rack material 1 1 is finished to the final 
tooth form 16 by a die provided with a die which is corresponding exactly to 
the final tooth form 16. 
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ABSTRACT: 

PURPOSE: To manufacture easily and in quantity even linear or variable-ratio 
racks by applying a process forging rack teeth and a process for forging the 
teeth so as to provide the same form with that of the rack teeth to be 
manufactured. 

CONSTITUTION: First a round bar material having a prescribed diameter is cut 
in a prescribed length by a cutting process, whereby a rack material 12 is 
obtained. Upper and lower dies 10 and 1 1 have the forms whereby the material 
12 can be forged to have a form approximate to the one of the variable-ratio 
rack to be manufactured finally. And the lower die 1 1 has tooth-die parts 11a 
and 1 1 b for forming the rack teeth 3a and 3b. Moreover, the forms of the rack 
teeth 3a and 3b are constituted in such a manner that the final rack teeth of 
the variable-ratio rack 2 to be manufactured and tilt surfaces 2a thereof can 
be forged thereby. Accordingly, this cold forging, the substantial rack teeth 
3a and 3b can be manufactured easily and in quantity. 
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(54) Manufacture of rack member for 
rack and pinion assembly 



(57) A longitudinally extending rack 
member for a rack and pinion assembly 
is formed from a tubular metal bar 1 
having longitudinally extending grain 9 
• over the length of the bar within which 
the rack teeth 4a are to be formed. The 
rack teeth 4a are formed by collapsing 
the wall of the bar 1 to close its bore 2 
and by coin pressing the collapsed wall 
between opposed dies so that the metal 
grain 9a follows the form of each tooth 
and each tooth 4a is devoid of end 
grain. For a thin walled tubular bar, a 
tubular plug can be located in the bore 
of the tubular bar and the walls of the 
bar and plug are subsequently 
collapsed to close the bore of the plug. 
The walls are coin pressed to form the 
rack teeth. 
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SPECIFICATION 

A method of manufacturing a longitudinally extend- 
ing rack member for a rack and pinion assembly 

5 

This invention relates to a method of manufactur- 
ing a longitudinally extending rack member for a 
rack and pinion assembly. 
Rack and pinion assemblies are well known, par- 

10 ticularly in the art of steering gears, whereby the rack 
member has a longitudinally extending array of rack 
teeth each of which extends laterally of that 
member. When incorporated in a rack and pinion 
assembly, the rack member is longitudinally dis- 

15 placeable in a housing while the rack teeth engage 
. with the teeth of a rotatably mounted pinion, so that 
upon rotation of the pinion the rack is displaced lon- 
gitudinally. The teeth of the rack member can take 
many different profiles to provide the desired 

20 engagement with the pinion and a required ratio of 
drive which is transmitted through the assembly 
usually from the pinion to the rack bar. In use the 
rack teeth can be subjected to considerable shear 
forces, especially in a steering gear installation and 

25 consequently the material and profile of the teeth 
must be of a form and design which is sufficient to 
withstand such forces and thereby alleviate fracture 
of the teeth. 

It has previously been proposed to manufacture a 

30 rack member as described above from a tubular 
workpiece to provide a relatively lightweight struc- 
ture. In such a technique, an example of which is 
disclosed in U.S. Patent No. 4*133,221 , a collapsible 
mandrel is inserted into the tube, the wall of the 

35 workpiece is displaced radially inwardly over the 
mandrel to form the rack teeth and the mandrel is 
then collapsed and withdrawn from the workpiece. 
The radial displacement of the workpiece wall is 
effected by a die part which is generally complement 

40 tary to the opposing die part formed by the collaps- 
ible mandrel so that the wall of workpiece adopts a 
corrugated profile corresponding to the desired 
tooth formation when the wall is pressed between 
the opposed die parts, ft is necessary for the mandrel 

45 to collapse to ensure that it is sufficiently clear of the 
internal profile of the formed teeth to permit its 
withdrawal from the rack member; such a collaps- 
ible mandrel is relatively expensive to produce and 
is expensive to use in that it is time consuming to 
, 50 collapse and withdraw following a tooth forming 
operation and also to assemble and locate in prep- 
aration for a tooth forming operation. 

ft is an object of the present invention to provide a 
method of manufacturing a rack member which may 

55 be relatively lightweight and which method is rela- 
tively inexpensive, is applicable to a wide variation 
of tooth structure -this variation may be as between 
one type of rack and another or as between indi- 
vidual teeth on the same rack where variable ratio 

60 steering is involved and ft facilitates the manufacture 
of robust teeth. 
According to the present invention there is pro- 



vided a method of manufacturing a longitudinally 
extending rack member for a rack and pinion 

65 assembly, said member having a longitudinally 
extending array of rack teeth each tooth of which 
extends laterally of the member and which method 
comprises providing a metal bar which is tubular at 
least over its longitudinal extent where the rack teeth 

70 are to be formed, collapsing the wall of the bar sub- 
stantially to close the bore and displacing the mater- 
ial of the barto form therein the array of rack teeth 
on the collapsed wall of the bar. 
Further according to the present invention there is 

75 provided a longitudinally extending rack member 
when manufactured by the method as specified in 
the immediately preceding paragraph. 

By the method of the present invention the wall of 
the tubular bar can be collapsed to substantially 

80 close the bore over the length (or appropriate part 
length) of the bar and the material of the collapsed 
wall subsequently displaced to form the rack teeth. 
Preferably however the collapsing of the tubular bar 
(or the required longitudinal extent thereof) is 

85 effected simultaneously with the displacement of the 
bar material to form the rack teeth. 

The displacement of the bar material to form the 
rack teeth can be achieved by a forging technique 
but it is preferred that a press technique is utilised, 

90 particularly coin pressing. Coin pressing is well 
known for metal shaping whereby the shape of a 
metal blank is changed without a change in volume 
by subjecting the blank to pressure between 
opposed dies so that the metal is displaced into a 

95 form determined by the die cavity. This coin pres- 
sing technique can be applied to the manufacture of 
a rack member in accordance wfth the present inven- 
tion whereby the tubular metal bar workpiece is sub- 
jected to pressure between dies causing the wall of 
100 the tube to collapse (if not already collapsed) simul- 
taneously with the formation of the rack teeth. 
Furthermore, by arranging for the grain of the tubu- 
lar metal barto extend longitudinally of the bar, an 
advantage can be provided whereby the grain will 
1 05 substantially follow the form of each tooth in the 
array of coin pressed teeth to be continuous over 
such array and each tooth is devoid of end grain 
(which alleviates fracture of the teeth). In conven- 
tional manufacture of rack members where the teeth 
1 10 are subjected to a machining operation, the cutting 
of the metal workpiece causes end grain to be 
exposed in the flanks of the teeth with the result that 
when the teeth are subjected to shear forces during 
use of the rack member the discontinuous grain can 
1 1 5 provide lines of weakness along which the teeth can 
fracture. Coin pressing permits an accurately shaped 
rack to be formed solely as a result of the pressing 
operation which avoids the requirement for subse- 
quent machining and by arranging for the grain of 
120 the rack member to follow the form of each tooth 
and to be continuous longitudinally over the array of 
rack teeth so that each tooth is devoid of end grain as 
aforementioned, the grain provides continuous lon- 
gitudinal support throughout the teeth to withstand 



The drawings originally filed were informal and the print here reproduced 
is taken from a later filed formal copy. 
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the aforementioned shear forces. Furthermore, by 
appropriate selection of the opposed dies between 
which the metal bar is coin pressed the array of rack 
teeth can be shaped with widely different profiles, 

5 both one rack as compared with another or between 
different teeth on a common rack as would be the 
case with a variable ratio rack member. 

The metal bar will usually, but not essentially, be 
tubular over the whole of its length and the wall of 

10 such bar may be collapsed to substantially close the 
bore over part length only of the bar (which part 
length is appropriate for the length of the rack teeth) 
while at least one end part length of the bar is 
retained in tubular form. This facilitates the man- 

1 5 ufacture of a relatively light weight rack member 
with reduced material costs and also the tubular part 
length or lengths which are retained on the rack 
member can provide convenient coupling points or 
housings, for example, to mate with or receive ball 

20 joints by which the rack member can be connected 
to control links in a steering gear. 

If required the bar can be heated, say at least over 
the part length of the bar within which the rack teeth 
are to be formed, to facilitate flow of the metal dur- 

25 ing coin pressing. Conventional rack members are 
usually machined from high carbon steel which is 
then hardened whereby the surface of the member is 
heated and is then cooled rapidly by quenching. 
High carbon steel is expensive in comparison with 

30 low carbon steel and the possibility is envisaged that 
the tubular metal bar from which the rack member of 
the present invention is to be formed may be of a 
low carbon steel which, by subjection to the coin 
pressing operation becomes work hardened. By 

35 arranging for the grain of the rack member to extend 
continuously through the rack teeth and by having 
each tooth devoid of end grain it is possible that the 
strength which this affords to the rack teeth will 
alleviate the requirement for a hard surface to be 

40 provided on the teeth by use of expensive high car- 
bon steel and that the less expensive lower carbon 
steel may be suitable as aforementioned. 

The internal profile of the opposed dies, particu- 
larly the part of the profile which is complementary 

45 to the rack teeth, can be formed under computer 
control. This is particularly advantageous where the 
rack teeth are, for example, to be non-uniform as in 
the case of a variable ratio rack and pinion gear 
which incorporates a standard uniformly toothed 

50 pinion. With this in mind the form of the proposed 
rack teeth may be determined mathematically and a 
computer programme may be produced in accor- 
dance with such theoretical calculation; this prog- 
ramme may then be utilised to computer control an 

55 appropriate tool for machining the desired profile on 
the die with which die the rack teeth are to be coin 
pressed. 

One embodiment of a method of manufacturing a 
rack member for a rack and pinion assembly and in 
60 accordance with the present invention will now be 
described, by way of example only, with reference to 
the accompanying illustrative drawings, in which:- 

Figure 1 1s a side elevation of a longitudinally 
extending tubular metal bar from which the rack 
65 member is to be formed; 



Figure 2 is a radial section of the bar in Figure 1 ; 
Figure 3 is a side elevation of the opposed dies of a 
coining press and diagrammatically illustrates the 
manner in which the bar of Figure 1 is subjected to 
70 deformation by coin pressing; 

Figure 4 is a side elevation of part of the rack 
. member formed by a coin pressing technique and 
from a bar shown in Figure 1 and diagrammatically 
illustrates the grain in the rack member; 
75 Figures 5 and 6 are radial sections of the metal bar 
during and following the deformation thereof and 
are used to diagrammatically illustrate a preferred 
volume relationship between the size of the bore of - 
the tube in Figure 1 and the size of the formed rack 
80 teeth and 

Figure 7 is a side elevation of a modified form of . 
tubular metal bar from which the rack member can 
be formed. 

The longitudinally extending tubular metal bar 1 
85 shown in Figure 1 may be of low carbon steel, is 
generally cylindrical and is provided with a cylindri- 
cal bore 2. Male or female screw threads (not shown) 
can be provided at each end of the bar to provide a 
convenient means of coupling linkage members to 
90 the rack member which is to be formed from the bar 
and when incorporated in a rack and pinion assem- 
bly (as for example in a steering gear installation). 
The bar 1 is formed, for example by a rolling pro- 
cess, so that the grain thereof extends longitudinally 
95 and continuously throughout the length of the bar. 
Part length of the bar 1 remote from its tubular end 
part lengths is subjected to a coin pressing operation 
as shown in Figure 3 whereby the wall of the bar 
overthe desired longitudinal extent of the rack teeth 

100 which are to be formed is collapsed to close the bore 
2 (Figure 6) and the metal of the bar in this region is 
displuced to provide a longitudinally extending array 
of rack teeth 4 (see Figure 4) each tooth 4a of which 
extends laterally of the bar 1. 

105 As shown in Figure 3 the bar 1 is located between 
the upper and lower dies 5 and 6 of a coin press of 
which the cavity 7 in the upper die 5 is of com- 
plementary shape to the array of rack teeth 34 which 
are to be formed on the bar 1 . The dies 5 and 6 are 

110 closed under pressure to cause, substantially simul- 
taneously, the wall of the bar 1 to collapse and the 
material of the barto be displaced and flow into the . 
toothed regions of the cavity 7 and thereby mould 
the teeth 4a to such accuracy that subsequent 

115 machining ofthe rack is avoided, ft is believed that . 
the considerable pressure to which the material of 
the bar 1 is subjected during coin pressing will work 
harden the surface ofthe rack teeth 4a sufficiently to 
withstand the wear to which they are likely to be 

120 subjected in use even though the bar metal is of low 
carbon steel. If required the bar 1 can be heated prior 
to the coin pressing operation to facilitate the metal 
displacement between the dies 5 and 6. 
The cavity formed between the closed dies 5 and 6 

125 is of course accurately shaped to correspond with 
the rack teeth 4a irrespective of whether all ofthe 
teeth are ofthe same profile and dimensions for a 
standard rack or whether the teeth differ one from 
the other as in the case of a variable ratio rack. 

130 Furthermore, the dies 5 and 6 serve to change the 
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shape of the metal of the bar 1 overthe part length of 
the bar where the rack 4 Is to be formed without 
changing the volume of the metal in that region. For 
the purposes of calculation it may be assumed that 

5 when the wall of the bar 1 is collapsed to close the 
bore 2 (as shown at 2a in Figure 6) a recess 8 is 
formed in the peripheral surface of what may be 
considered to be a solid bar overthe length of the 
collapsed bore part 2a and the volume of the recess 

10 8 is equal to the volume of the bore part 2 prior to the 
closing of that bore part From these considerations 
the dimensions of the bore 2 and the diameter of the 
bar 1 which are required to provide rack teeth 4a 
with desired pitch, profile and depth characteristics 

1 5 (as indicated in Fig u re 5 where the depth of the teeth 
4c is shown at 4b) can be calculated without diffi- 
culty. 

During displacement of the metal in the coin pres- 
sing operation to form the teeth 4a the grain of the 

20 bar which was continuous overthe length of the bar 
maintains its continuity as indicated by the chain 
lines 9 in Figure 4 but is displaced as indicated at 9a 
to substantially follow the form of each tooth. Since 
the teeth 4a are formed with such accuracy that their 

25 subsequent machining is avoided, each tooth 4a is 
devoid of end grain and the continuous grain 
throughout the array of rack teeth provides rein- 
forcement which serves to alleviate fracture of the 
teeth, particularly over their crests. 

30 In the event that the rack member Is to be formed 
from a thin walled tubular bar (as for example may 
be required to reduce weight) such a bar shown at 1a 
in Figure 7 may be provided with a tubular metal 
plug 16 overthe longitudinal extent where the rack 

35 teeth are to be formed. During the tooth forming 
operation the wall of the plug 16 is collapsed to close 
the bore thereof while the metal of the plug together 
with the metal of the bar la is displaced, preferably 
by the coin pressing technique above described, to 
, 40 form the array of rack teeth. 
CLAIMS 

1 . A method of manufacturing a longitudinally 
extending rack member for a rack and pinion 
assembly, said member having a longitudinally 

45 extending array of rack teeth each tooth of which 
extends laterally of the member and which method 
comprises providing a metal bar which is tubular at 
least over its longitudinal extent where the rack teeth 
are to be formed, collapsing the wall of the bar sub- 

50 stantially to close the bore and displacing the mater- 
ial of the bar to form therein the array of rack teeth 
on the collapsed wall of the bar. 

2. A method as claimed in claim 1 which com- 
prises collapsing the tubular bar or the required lon- 

55 gitudinal extent thereof substantially simultaneously 
with the displacement of the bar material to form the 
rack teeth. 

3. A method as claimed in either claim 1 or claim 
2 in which the metal bar is tubular over its longitudi- 

60 nal extent and the method comprises collapsing the 
wall of said bar substantially to close the bore over 
part length of the longitudinal extent of the bar while 
retaining at least one end part length of the bar in 
tubular form. 

65 4. A method as claimed In any one of the preced- 



ing claims in which the volume of the bore of the bar 
over the length thereof in which the rack teeth are to 
be formed substantially corresponds to the volume 
of a longitudinally extending recess which would be 
70 formed in a solid bar and within the extent of which 
recess the material of the solid bar would be dis- 
placed to form an array of rack teeth corresponding 
to that array which would be formed from the tubu- 
lar bar. 

75 5. A method as claimed in any one of the preced- 
ing claims which comprises locating in the bore of 
the metal bar a tubular metal plug, collapsing the 
wall of the tubular bar together with the wall of the 
plug substantially to close the bore of the plug and 

80 displacing the material of said plug and bar to form 
the array of rack teeth. 

6. A method as claimed in any one of the preced- 
ing claims which comprises providing the tubular 
bar with its grain extending longitudinally thereof 

85 and coin pressing the bar to form therein the array of 
rack teeth so that the grain substantially follows the 
form of each tooth to be continuous overthe array of 
rack teeth and each tooth is devoid of end grain, the 
teeth thus formed not being subjected to subsequent 

90 machining. 

7. A method as claimed in any one of the preced- 
ing claims in which the tubular bar is substantially 
cylindrical. 

8. A method as claimed in any one of the preced- 
95 ing claims which comprises heating the bar, at least 

overthe part length thereof within which the rack 
teeth are to be formed, to facilitate flow of the metal 
during displacement thereof. 

9. A method as claimed in any one of the preced- 
100 ing claims which comprises work hardening the sur- 
face of the rack teeth by coin pressing the teeth in the 
bar. 

10. A method as claimed in any one of the pre- 
ceding claims which comprises determining 

1 05 mathematically the form of the rack teeth which are 
to be provided for the rack member; producing a 
computer programme In accordance with said 
mathematical determination; utilising said prog- 
ramme to computer control a tool to machine on a 

110 coin pressing die component a profile which is com- 
plementary to said rack teeth and applying the so 
machined die to coin press the rack teeth in the 
metal bar. 

11. A method of manufacturing a longitudinally 
1 1 5 extending rack member for a rack and pinion 

assembly substantially as herein described with 
reference to the accompanying illustrative drawings. 

12. A rack member when manufactured by the 
method as claimed in any one of the preceding 

120 claims. . 
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(54) Method of making steering racks 

(57) A method of making racks for rack 
ancl pinion steering gears for ground 
vehicles in which a rack blank is first 
shaped by machining, forging or other 
means having teeth which have a form 
corresponding approximately to the 
form desired in the finished rack the 
form of each tooth in the blank corres- 
ponds to the finished shape but is 
generally of greater radius; the total 
height of the tooth being greater than 
that of the finished shape and the 
volume of each tooth is substantially 
the same as the finished tooth. The 
teeth are then converted to the finished 
form by cold forming or coining in a die 
having a shape which is the exact 
counterpart of the finished shape. 



The drawing(s) originally filed were 
informal and the print here reproduced 
is taken from a later filed formal copy. 
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SPECIFICATION 

Method of matting steering racks 

5 This invention relates to a method of making racks 
for rack and pinion steering gears for ground 
vehicles and is particularly, although not exclusively, 
applicable to the type of rack which provides a 
variable steering ratio, that is one in which a rack 
10 moves at a variable rate upon rotation at a constant 
rate of the steering wheel. 

Such variability may be advantageous in a power 
steering gear to allowthe use of a high steering ratio 
on center where speeds may be high and a substan- 
15 tialty lower steering ratio away from center where 
speeds will generally be much lower, for example, as 
shown in Australian Patent 241798. 

Alternatively in a manual steering gear, a variable 
ratio may be desired having an increase in steering 
20 ratio each side of center in order to reduce the 
steering efforts towards the lock where, convention- 
ally, the steering efforts tend to be excessive. 

Examples of such variable ratio gears appear in 
U.S. Patent 3,267,763 (Merit) and U.S. Patent Re 
25 28740 (Bishop). 

The steering racks used in these several types of 
variable ratio steering gears employ teeth which 
differ from standard teeth in several respects and 
which may vary in shape from tooth to tooth along 
30 the length of the rack. In the last named of the three 
above patents the teeth may in fact vary in shape 
along the length of any one tooth of the rack. Such 
teeth may be very difficult to form to a high degree 
of accuracy by any known manufacturing method. 
35 It should be observed that high accuracy is 
essential if the rack teeth are to sustain the great 
loads to which such steering gears are subject and if 
a smooth tooth action is to be achieved so as to 
avoid undesirable jerkiness and to ensure the high- 
40 est possible efficiency of operation. 

It is also important that the teeth of such a steering 
rack have a very accurate finish in the root or fillet 
areas of the teeth and that the material in this area be 
free from longitudinal, (in relation to the length of 
45 the tooth,) defects or cutting marks. 

A high degree of accuracy and finish is important 
not only in the case of variable ratio racks but also in 
the case of standard steering racks of the simplest 
kind intended to mesh with a straight cut pinion so 
50 that the method to be described is equally applicable 
. to such standard racks. 

In my co-pending Australian Patent Application 
No. 9216/77, British Patent No. 1,551,699, "Method 
of manufacturing variable ratio racks" I describe a 
B 55 method of making steering racks of the type de- 
scribed in the last named patent and in specific detail 
a method of rough machining such racks prior to 
exactfinishing by a finishing process in which the 
racks are "deformed or otherwise shaped". 
60 In the method of manufacture of steering racks 
which is the subject of the present invention this 
deforming is by cold forming under great pressure in 
a die which is the exact reverse facsimile of the 
desired shape of the finished rack. 
65 Such dies can be made to a great order of accuracy 



and it follows that a rack finished by the method 
described will have imparted to it the high accuracy 
of the die, furthermore as the die is highly finished, 
the rack will also have tooth faces which are highly 

70 finished and free from longitudinal score marks 
which have been made by the roughing process and 
which are generally characteristic of other conven- 
tional methods of manufacturing racks. Such longi- 
tudinal marks are prone to start cracks in such highly 

75 loaded teeth which are subject to fatigue type stress 
reversals. 

It may be thought that it would be possible to cold 
form such racks by taking a blank of steel and 
impressing teeth therein in a die, in the manner well 

80 known in the art of cold forming. However there are 
several reasons why such methods are not suitable 
in the case of steering racks. Firstly, in such cold 
forming, it is usual to fully contain the workpiece 
within the die so when the die fully closes the 

85 material is subject to very intense internal pressures 
and flows in the manner of a fluid. In order to so 
flow, it is accepted practice to use materials having 
high ductility, but such materials are not suitable for 
the manufacture of steering racks, for which purpose 

90 a material such as a carbon steel having .45% carbon 
is specifically used. Such material tends to work 
harden and tends to be poorly adapted to cold 
forming. Moreover the rack bar of a steering rack as 
generally used is of some considerable length for 

95 example 24" and the area to be formed into teeth 
occupies maybe 1/10th of the surface area of such a 
rack bar. The fully containing of such a large body, 
wherein such high pressures are to be developed 
would be very difficult to achieve in any known 
100 process. This will be more the case because the 
material commonly used has such reluctance to 
flow. It is for this reason that in the method 
described earlier the teeth are rough machined to an 
approximation of the finished shape, and in cold 

105 forming are merely set to the exact finished form 
required. 

In one important further refinement of this process 
the preformed teeth are not merely a rough facsimile 
of the finished form, but rather a distorted form in 

110 which certain specific rules are observed. For exam- 
ple, it has been found that the rough formed tooth, 
should have in the root or fillet areas a form closely 
approximating the finished shape but of larger 
radius; the total height of the tooth however should 

115 be substantially greater than the finished height and 
it should In most cases, but not ail, have a narrower 
tip. There will be areas just above the root area in 
which the tooth in its rough machined form will be 
narrower than in its final form and it is into these 

120 areas that surplus metal from the tip will be dis- 
placed during the cold forming or coining operation. 
Furthermore the volume of the tooth as rough 
machined should be substantially the same as or 
slightly greater than that desired in the finished 

125 tooth. (Some variation may, however, be expected 
to occur due to densification of metal, or minor flow 
to other areas.) A very important aspect of this 
refinement is that the amount of flow of metal 
occurring is greatly reduced from the situation 

130 where metal may be required to flow up into the 
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cavity of the die in order to fill the difference 
between the final desired shape and the rough 
formed tooth. Essentially the process of forming the 
tooth thereby becomes one of successively 
5 squashing down layers of the tooth from the tip 
towards the root so that the material merely flows 
laterally in section until it touches the die cavity 
whereupon a layer of tooth below the first element 
worked also flows laterally to occupy its available 

10 space. By such a means the amount of flow taking 
place in any one element of the steel is greatly 
reduced and hence the material of low ductility can 
be worked satisfactorily. A further point is that, upon 
fully closing the die there is little tendency for the 

16 entire material of the core of the rack bar to be 
extruded lengthwise as would happen if the amount 
of fill varied along the length of the rack and hence 
surplus material had to be extruded lengthwise 
along a section of the bar, such extrusion lengthwise 

20 in the base stock of the rack might well sever certain 
teeth by shear or cause undesirable metallurgical 
properties in the root area of such teeth. A further 
important advantage of the process described in 
regard to the preformed shape is that there is little 

25 sliding of the metal being formed across the face of 
the die, and hence wear on the die is greatly reduced 
as compared with the accepted practices in cold 
forming. This aspect is most important where vari- 
able ratio racks are employed as the production of 

30 dies is a very expensive and elaborate process. 
In a further refinement it should be noted that in 
contrast to accepted practice in cold forming, the 
closing of the die would be limited according to the 
final closing pressure rather than to the shut height 

35 of the die. Thus when flow had occurred to substan- 
tially but not completely all of the root area of each 
tooth, closing of the die would cease. 

The invention thus comprises a method of making 
racks for rack and pinion steering gears wherein a 

40 rack blank is first shaped to produce in it a plurality 
of rack teeth each tooth being shaped to form a 
corresponding approximately to the form desired in 
the finished rack, the form of the tooth in the root or 
fillet area corresponding fairly closely to the finished 

45 shape but being generally of a greater radius, the 
total height of the tooth being greater than that of 
the finished shape, and the volume of the tooth 
being substantially the same as the volume of the 
finished tooth , the teeth of the rack being converted 

50 to the finished form by cold forming or coining in a 
die having a shape which is the exact counterpart of 
the finished shape of the teeth. 

The Initial machining of the rack maybe carried 
out In a variety of different ways for example by 

55 broaching, milling or a gear cutting operation. 
In orderthat the nature of the invention may be 
better understood a preferred form thereof is 
hereinafter described by way of example with refer- 
ence to the accompanying drawings in which:- 

60 Figure 1 is a plan view of a rack for use in variable 
ratio rack and pinion steering gear, 
Figure la is a section on V-V of Figure 1, 
Figure lb is a view in the direction of the arrow A, 
Figure 2 is a view of a tooth of Figure 1 to an 

65 enlarged scale showing sections of the tooth at each 



end and in the middle both for the finished tooth and 

the rough machined tooth, 
Figure 3 is a sectional view of the two halves of a 

rack coining die in the closed position, 
70 Figure 4 \$ a view of a portion of a rack showing 

the shape of some of the teeth before the coining 

operation, and 
Figure Sis a view of the top half of the coining die 

showing the counterpart of the finished form of the 
75 rack teeth. 

The rack illustrated in Figure 1 is an example 

of a rackfora variable ratio rack and 

pinion steering which can be manufactured 

by the method according to the 
80 present invention. The difficulties of making 

such a rack can be appreciated from the variations in 

the form of the rack teeth. It is however to be 

emphasized that the method can be used with 

advantage in the manufacture of racks of simple and 
85 straight forward design in which the teeth are all the 

same and are arranged at right angles to the axis of 

the rack. 

During the process of manufacture, the teeth of 
the rack are first machined in rough form by 
90 broaching for example by the method described in 
the specification of the abovementioned Australian 
Patent Application. Other forms of machining such 
as milling or gear cutting may be adopted or the rack 
in rough form may be manufactured by a precise hot 
95 forging process or what is known as a warm forging 
process at about 1350°F. The object of the initial 
machining or forging operation is however to pro- 
duce teeth corresponding fairly closely in shape to 
the finished form of the teeth for the rack but 

1 00 differing from them in a quite specific manner. This 
is illustrated in Figure 2 showing a view of a tooth of 
Figure 1 to a much enlarged scale and illustrating the 
sectional shape of the tooth at each end and at a 
point near the middle. In this figure the full lines 

1 05 represent the finished tooth shape, whereas the 
broken lines represent the rough machined shape of 
the tooth. From this figure it will be seen that at the 
root or fillet area on either side of the tooth the full 
lines and the broken lines coincide at one or more 

110 points. In areas above this on either side of the tooth 
the full line lies outside the broken line indicating 
that the tooth in its rough machined form is narrow- 
er here than in the finished form. In all three of the 
sections shown the tooth in its rough machined form 

115 Is greater in height than the tooth in its final form 
and in the two nearer sections the tooth in its rough 
machined form is wider than in its finished form. The 
hatched areas of each section indicate metal avail- 
able for displacement to fill the areas nearer the root 

1 20 of the teeth where the rough machined form is 
narrower than the finished form. In general the 
angles made between the flank of a tooth in its rough 
form will subtend an angle smaller than the angle 
subtended by those flanks of the tooth in its finished 

125 form. 

The rack is finished by a cold forming or coining 
operation in which the surplus metal towards the tip 
of each tooth is displaced to fill the areas nearer the 
root As can be seen from Figure 2 the volume of the 
130 tooth in its rough machine form is substantially 



equal to the volume of the finished tooth and thus 
substantially all displacement of metal takes place 
within the volume of the tooth thus avoiding the 
disadvantages described above. 

5 Figure 3 shows the coining die used for finishing 
the rack, the bottom half of the die serving to locate 
the rack bar and the top half serving to impart to the 
teeth of the rack the precise form desired. 
Figure 4 shows some of the teeth of a rack in their 

10 rough machined form and Figure 5 shows the 
interior of the top half of the coining die in which a 
counterpart of the teeth of the rack in the finished 
form are incorporated. As is described above the 
interior surface of the top half of the coining die is 

1 5 very finely finished and during the coining operation 
imparts this high finish to the rack teeth thus serving 
to form them very precisely to the desired shape and 
also to do so without the formation of score marks. 
The coining operation itself is earned out in a 

20 conventional manner. 

While the rack illustrated in the drawings is made 
from a bar of substantially circular cross-section the 
invention may advantageously be applied to racks of 
the cross-section illustrated in Figure 4 of Australian 

25 Patent 498666. 

CLAIMS 

1 . A method of making racks for rack and pinion 
30 steering gears wherein a rack blank is first shaped to 

produce in it a plurality of rack teeth each tooth 
being shaped to a form corresponding approximate- 
ly to the form desired in the finished rack, the form of 
the tooth in the root or fillet area corresponding 

35 fairly closely to the finished shape but being general- 
ly of a greater radius, the total height of the tooth 
being greater than that of the finished shape, and the 
volume of the tooth being substantially the same as 
the volume of the finished tooth, the teeth of the rack 

40 being converted to the finished form by cold forming 
or coining in a die having a shape which is the exact 
counterpart of the finished shape of the teeth. 

2. A method of making racks as claimed in claim 
1 wherein in the rack blank the angle subtended 

45 between the flanks of any one tooth is smaller than 
the angles subtended by those flanks in the finished 
rack. 

3. A method as claimed in Claim 1 or Claim 2 
wherein the rack blank is first shaped by machining. 

50 4. A method of making racks as claimed in Claim 
1 or Claim 2 wherein a rack blank is first shaped by 
hot forging. 

5. A method of making racks as claimed in Claim 
1 or Claim 2 wherein a rack blank is first shaped by 

55 warm forging. 

6. A method of making racks for rack and pinion 
steering gears substantially as described with refer- 
ence to and as illustrated in the accompanying 
drawings. 
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